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(57) Abstract: A fluid vaporizing device (10) includes a capillary 
tube (20) made from an electrically conductive material, an 
upstream electrode (32) and a downstream electrode (34) connected 
to the tube (20). The downstream electrode (34) is provided with an 
electrical resistivity sufficient to cause heating of the downstream 
electrode during operation to approximately the same temperature 
as the tube at the point of connection. A source of material (12) 
to be volatilized is provided to the tube at the feed section (22), 
into the heated section (24) and is vaporized, and then exits from 
the tube through the tip (29). The temperature profile of the tube 
along the heated section (24) is controlled by varying parameters 
to substantially eliminate any effect of the downstream electrode 
(34) as a heat sinlc These parameters may include the electrical 
resistivity of the downstream electrode (34), its cross- sectional area 
and its length. 
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FLUED VAPORIZING DEVICE HAVING CONTROLLED 
TEMPERATURE PROFILE HEATER/CAPILLARY TUBE 

BA CKGROU ND O F THE I NVENTION 

Field of the Invention 

5 The present invention relates generally to fluid vaporizing devices such as 

aerosol generators. 

Brief Description of the Related Art 

Aerosols are useful in a wide variety of applications. For example, it is 
often desirable to treat respiratory ailments with, or deliver drugs by means of, 

10 aerosol sprays of finely divided particles of liquid and/or solid, e.g., powder, 
medicaments, etc., which are inhaled into a patient's lungs. Aerosols are also 
used for purposes such as providing desired scents to rooms, distributing 
insecticides and delivering paint and lubricant. 

Various techniques are known for generating aerosols. For example, U.S. 

15 Patent Nos. 4,811,731 and 4,627,432 disclose devices for administering 
medicaments to patients in which a capsule is pierced by a pin to release a 
medicament in powder form. A user then inhales the released medicament through 
an opening in the device. While such devices may be acceptable for use in 
delivering medicaments in powder form, they are not suited to delivering 

20 medicaments in liquid form. The devices are also, of course, not well-suited to 
delivery of medicaments to persons who might have difficulty in generating a 
sufficient flow of air through the device to properly inhale the medicaments, such 
as asthma sufferers. The devices are also not suited for delivery of materials in 
applications other than medicament delivery. 

25 Another well-known technique for generating an aerosol involves the use of 

a manually operated pump which draws liquid from a reservoir and forces it 
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through a small nozzle opening to form a fine spray. A disadvantage of such 
aerosol generators, at least in medicament delivery applications, is the difficulty of 
properly synchronizing inhalation with pumping. More importantly, however, 
because such aerosol generators tend to produce particles of large size, their use as 
5 inhalers is compromised because large particles tend to not penetrate deep into the 
lungs. 

One of the more popular techniques for generating an aerosol including 
liquid or powder particles involves the use of a compressed propellant, often 
containing a cMoro-fluoro-carbon (CFG) or methylchloroform, to entrain a 

10 material, usually by the Venturi principle. For example, inhalers containing 

compressed propellants such as compressed gas for entraining a medicament are 
often operated by depressing a button to release a short charge of the compressed 
propellant. The propellant entrains the medicament as the propellant flows over a 
reservoir of the medicament so that the propellant and the medicament can be 

1 5 inhaled by the user. 

In propellant-based arrangements, however, a medicament may not be 
properly delivered to the patient's lungs when it is necessary for the user to time 
the depression of an actuator such as a button with inhalation. Moreover, aerosols 
generated by propellant-based arrangements may have particles that are too large 

20 to ensure efficient and consistent deep lung penetration. Although propellant- 

based aerosol generators have wide application for uses such as antiperspirant and 
deodorant sprays and spray paint, their use is often limited because of the well- 
known adverse environmental effects of CFC's and methylchloroform, which are 
among the most popular propellants used in aerosol generators of this type. 
25 In drug delivery applications, it is typically desirable to provide an aerosol 

having average mass median particle diameters of less than 2 microns to facilitate 
deep lung penetration. Propellant based aerosol generators are incapable of 
generating aerosols having average mass median particle diameters less than 2 
microns. It is also desirable, in certain drug delivery applications, to deliver 
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medicaments at high flow rates, e.g., above 1 milligram per second. Some aerosol 
generators suited for drug delivery are incapable of delivering such high flow rates 
in the 0.2 to 2.0 micron size range. 

Commonly owned U.S. Patent Nos. 5,743,251 and 6,234,167, which are 
5 hereby incorporated by reference in their entireties, disclose aerosol generators, 
along with certain principles of operation and materials used in an aerosol 
generator, as well as methods of producing an aerosol, and an aerosol. 

STJMMARY OF THE INVENTION 

The invention provides a fluid vaporizing device that includes a capillary 

10 tube made from an electrically conductive material, with the capillary tube 

providing a passageway for a fluid. At least two electrodes are connected to the 
capillary tube, with a first one of the at least two electrodes being connected to the 
capillary tube closer to an inlet of the capillary tube than a second one of the at 
least two electrodes. The second electrode has an electrical resistance sufficient to 

15 cause heating of the electrode during use of the device, thereby minimizing heat 
loss at the outlet end of the capillary tube. 

The invention also provides an aerosol generator that includes a capillary 
tube having an inlet end, and an outlet end. A first electrode is connected to the 
capillary tube and a second electrode is connected to the capillary tube, with the 

20 first electrode being closer to the inlet end than the second electrode. A voltage is 
applied between the first and second electrodes to heat a section of the capillary 
tube between the first and second electrodes, with the capillary tube being hotter at 
the second electrode than at the first electrode. The second electrode has sufficient 
electrical resistance to reach a temperature during application of the voltage 

25 between the first and second electrodes such that the temperature is hot enough to 
substantially prevent conduction of heat from the capillary tube to the second 
electrode. 
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The invention further provides a method of vaporizing a liquid in a 
capillary tube having an inlet, an outlet, and a heated section defined between an 
upstream electrode and a downstream electrode. The downstream electrode has ar 
electrical resistance sufficient to cause heating of the downstream electrode during 
use of the device, thereby nmiimizing heat loss at the outlet end of the capillary 
tube, and both the upstream and downstream electrodes are electrically connected 
to the capillary tube. The method includes supplying liquid into the capillary tube 
through the inlet, and applying a voltage across the electrodes to generate heat in 
the heated section. The voltage also generates, sufficient heat in the downstream 
electrode to substantially eliminate any significant temperature gradient between 
the downstream electrode and the capillary tube at the connection between the 
downstream electrode and the capillary tube. 

BRIEF DESCRIPTION OTT THF DRAWING 

The invention of the present application will now be described in more 
detail with reference to preferred embodiments of the apparatus and method, given 
only by way of example, and with reference to the accompanying drawings, in 
which: 

Fig. 1 illustrates a fluid vaporizing device according to an embodiment of 
the invention. 

Fig. 2 is a schematic representation of a heated capillary tube according to 
an embodiment of the invention. 

Fig. 3 illustrates wall temperature profiles for a comparative heated 
capillary tube and a heated capillary tube according to the present invention. 

DESCRIPTION O F THE PREFERRED FfrmnnTMPMrg 

The invention provides a fluid vaporizing device useful for applications 
including aerosol generation. The device includes a heater/capillary tube having a 
flow passage with an inlet, an outlet, and at least two electrodes connected to 
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electrically conductive material of the capillary tube at spaced points along the flow 
passage between the inlet and the outlet. The flow passage is defined by the interior 
of the capillary tube, which is preferably made from an electrically conductive 
material such as stainless steel. A section of the capillary tube between the inlet and 
a first electrode constitutes a feed section, and a section of the capillary tube 
between the first and second electrodes constitutes a heated section. A voltage 
applied between the first and second electrodes generates heat in the heated section 
based on the resistivity of the stainless steel or other electrically conductive material 
forming the capillary tube, as well as the cross-sectional area and the length of the 
heated section. 

An aerosol can be formed from a liquid using a heater capillary by supplying 
liquid under pressure to an upstream end of the flow passage at an inlet to the 
capillary tube, and passing the liquid through the feed section of the capillary tube 
into the heated section. When the liquid is flowing through the capillary tube, as it 
enters the heated section, initially the liquid is heated and heat conduction to the 
fluid from the heated capillary tube is high. As the heated liquid continues to move 
along the heated section toward the outlet or tip of the capillary tube, the liquid is 
converted to a vapor. The coefficient of heat transfer from the wall of the heated 
capillary tube to the vapor is low. As a result, the wall temperature of the capillary 
tube in the heated section toward the outlet or tip of the capillary tube increases 
relative to the upstream portion of the tube. However, if the electrode at the tip of 
the capillary acts as a heat sink, it may be more difficult to maintain the temperature 
of the vapor exiting from the tip of the capillary tube at the optimum temperature for 
producing aerosol having the desired aerosol droplet size. 

In order to improve the temperature profile of the capillary tube, the 
electrode at the downstream or exit end of the heated section according to an 
embodiment of the present invention is provided with a predetermined electrical 
resistance which causes the electrode to heat up when voltage is applied, and thereby 
minimize a temperature gradient between the wall of the capillary tube at the 
downstream end of the heated section and the downstream electrode. The electrical 
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resistivity, cross-sectional area, and length of the electrode at the downstream end of 
the heated section can be selected to minimize or ehminate the above-mentioned 
temperature gradient and prevent the downstream electrode from acting as a heat 
sink, thereby minimizing loss of heat from the downstream end of the heated 
section. The electrical resistivity of the downstream electrode that achieves the 
optimum balancing of heat transfer along the capillary tube may be selected to 
accommodate changes in the thermal profile as a function of the desired flow rate of 
fluid and/or vapor through the tube. 

By m i n i mizin g the loss of heat from the downstream end of the heated 
section, a desired exit temperature for the vapor leaving the heated section can be 
maintained without having to heat the fluid flowing through the intermediate 
portions of the heated section to as high a temperature as in the case where the 
downstream electrode conducts heat away from the tip of the capillary tube. This 
feature provides a significant advantage over a heated capillary tube where the 
downstream electrode has a very low electrical resistance. In a heated capillary tube 
where the downstream electrode has a very low electrical resistance, the electrode 
will have a temperature significantly lower than the temperature at the wall of the 
downstream end of the heated section of the capillary tube and can act as a heat sink. 
If the downstream electrode acts as a heat sink, more heat must be input to the liquid 
passing through the capillary tube in order to maintain a desired temperature for the 
vapor exiting from the capillary tube. The resulting high temperatures of the fluid 
passing through the capillary tube can possibly lead to thermal degradation of the 
fluid especially in the case of vaporizing medicated fluids. 

FIG. 1 shows an example of a fluid vaporizing device in the form of an 
aerosol generator 10 in accordance with one embodiment of the invention. As 
shown, the aerosol generator 10 includes a source 12 of fluid, a valve 14, a heated 
capillary passage 20, a mouthpiece 18, an optional sensor 15 and a controller 16. 
The controller 16 includes suitable electrical connections and ancillary equipment 
such as a battery which cooperates with the controller for operating the valve 14, 
the sensor 15 and supplying electricity to heat the capillary passage 20. In 
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operation, the valve 14 can be opened to allow a desired volume of fluid from the 
source 12 to enter the passage 20, prior to or subsequent to detection by the sensor 
15 of vacuum pressure applied to the mouthpiece 18 by a user attempting to inhale 
aerosol from the aerosol generator 10. As fluid is supplied to the passage 20, the 
controller 16 controls the amount of power provided to heat the fluid to a suitable 
temperature for volatilizing the fluid therein. The volatilized fluid exits the outlet 
of the passage 20, and the volatilized fluid forms an aerosol which can be inhaled 
by a user drawing upon the mouthpiece 18. 

The aerosol generator shown in FIG. 1 can be modified to utilize different 
fluid supply arrangements. For instance, the fluid source can comprise a delivery 
valve which delivers a predetermined volume of fluid to the passage 20 and/or the 
passage 20 can include a chamber of predetermined size to accommodate a 
predetermined volume of fluid to be volatilized during an inhalation cycle. In the 
case where the passage includes a chamber to accommodate a volume of fluid, the 
device can include a valve or valves downstream of the chamber for preventing 
flow of the fluid beyond the chamber during filling thereof. If desired, the 
chamber can include a preheater arranged to heat fluid in the chamber such that a 
vapor bubble expands and drives the remaining liquid from the chamber into the 
passage 20. Details of such a preheater arrangement can be found in commonly 
owned U.S. Application Serial No. 09/742,395 filed on December 22, 2000, the 
disclosure of which is hereby incorporated by reference. If desired, the valve(s) 
could be omitted and the fluid source 12 can include a delivery arrangement such 
as a syringe pump, which supplies a predetermined volume of fluid to the chamber 
or directly to the passage 20. The heater can be the walls of the capillary tube 
defining passage 20, arranged to volatilize the liquid in passage 20. The entire 
wall of the capillary tube defining passage 20 can be made from an electrically 
conductive material such as stainless steel, so that as a voltage is applied to the 
tube, the tube is heated by the flow of electric current through the tube. As an 
alternative, the tube could be made from a non-conductive or semi-conductive 
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material, such as glass or silicon, the tube including a heater formed from a 
resistance heating material such as platinum (Pt). 

In the case of manual operations, the sensor 15 can be omitted such as in 
the case where the aerosol generator 10 is operated manually by a mechanical 
switch, electrical switch or other suitable technique. Although the aerosol 
generator 10 illustrated in Fig. 1 is useful for medical uses, the principles of the 
device can also be used in an application for vaporizing a fuel. 

According to one aspect of the present invention, a capillary aerosol 
generator is formed from a tube made entirely of stainless steel or other electrically 
conductive materials, or a non-conductive or semi-conductive tube incorporating a 
heater formed from an electrically conductive material such as platinum (Pt). Two 
electrodes are connected at spaced positions along the length of the tube, with a feed 
section being defined between the inlet end of the tube and the upstream electrode, a 
heated section being defined between the two electrodes, and a tip section between 
the downstream electrode and the exit end of the tube. A voltage applied between, 
the two electrodes generates heat in the heated section based on the resistivity of the 
stainless steel or other material making up the tube or heater, and other parameters 
such as the cross-sectional area and length of the heated section. Fluid can be 
supplied to the aerosol generator, preferably at a substantially constant pressure 
and/or in a predetermined volume of fluid, from a fluid source upstream of the tube. 
The fluid passes through the feed section of the capillary tube between the inlet and 
the first electrode. As the fluid flows through the capillary tube into the heated 
section between the first and second electrodes, the fluid is heated and converted to a 
vapor. The vapor passes from the heated section of the capillary tube to the tip of 
the capillary tube and exits from the outlet end of the capillary tube. If the 
volatilized fluid enters ambient air from the tip of the capillary tube, the volatilized 
fluid condenses into small droplets, thereby forming an aerosol preferably having a 
size of less than 10 fim, preferably 1 to 2 fim. However, the fluid can comprise a 
liquid fuel which is vaporized in the tube and passed into a hot chamber in which the 
vapor does not condense into an aerosol. In a preferred embodiment, the capillary 
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tube has an inner diameter of 0.1 to 0.5 mm, more preferably 0.2 to 0.4 mm, and the 
heated zone has a length of 5 to 40 mm, more preferably 10 to 25 mm. 

As fluid initially enters the heated section of the capillary tube, conduction of 
heat to the fluid is high since there is a relatively high heat transfer coefficient 
between the fluid and the wall of the tube. As the heated fluid continues to move 
downstream along the heated section, the fluid is converted to a vapor. The heat 
transfer coefficient between the wall and the vapor is low. With less heat being 
conducted from the wall of the capillary tube to the vapor, the. wall temperature of 
the capillary tube increases in the area containing vapor. 

The wall temperature at the downstream end of the heated section is 
preferably maintained at a desired temperature by providing a downstream electrode 
which minimiz es heat loss. For example, heat can be prevented from being 
conducted away from the tube by the downstream electrode in the case where the 
downstream electrode is provided with a high enough electrical resistance to 
generate sufficient heat to maintain the downstream end of the capillary tube wall at 
a desired temperature, thereby minimizing a temperature gradient and hence the 
driving force for heat conduction. 

According to a first exemplary embodiment, a capillary aerosol generator 20 
includes a capillary tube 25 having an inlet end 21, an outlet end 29, and at least one 
upstream electrode 32 and one downstream electrode 34 connected to the capillary 
tube at points 23 and 26, respectively, by known means such as brazing or welding. 
The electrodes 32, 34 divide the capillary tube into an upstream feed section 22 
between the inlet 21 and the first electrode 32, an intermediate heated section 24 
between the first electrode 32 and the second electrode 34, and a downstream tip 28 
defined between the second electrode 34 and the outlet end 29 of the capillary tube, 

Fluid from a fluid source 50 is provided to the heated capillary tube through 
inlet end 21, e.g., fluid can be supplied in the form of a pressurized liquid. As the 
liquid passes through the capillary tube from the feed section 22 into the heated 
section 24, heat generated by passing an electrical current between the electrodes 32 
and 34 is conducted to the liquid passing through the heated section. As the liquid 
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continues downstream through the heated section, the liquid is converted to vapor by 
the input of heat. The heat transfer coefficient between the wall and the vapor is less 
than the heat transfer coefficient between the wall and the liquid. Therefore, the 
downstream portion of the capillary tube closer to the- downstream electrode 34 is 
heated to a higher temperature than a portion of the tube closer to the upstream 
electrode 32. In order to prevent the mass of the downstream electrode 34 from 
acting as a heat sink that would conduct heat away from the capillary tube, the 
downstream electrode 34 is made from an electrically resistive material that provides 
a desired downstream electrode temperature during the application of electrical 
current through the electrodes 32, 34. The electrical resistivity of electrode 34, 
along with other parameters including its cross-sectional area and length can be 
chosen in order to minimize any heat sink effect that the electrode 34 may have on 
the capillary tube. The selection of these parameters can be a function of the desired 
flow rate of fluid/vapor through the capillary tube. At higher flow rates, more heat 
must be input to the heated section to maintain the desired exit temperatures for the 
vapor. Higher power input is required to maintain the preferred temperature profile 
as the flow rate is increased. Higher power requires a higher current in accordance 
with the relationship that power equals I 2 R. Higher electrical current is needed in 
the fluid channel because of the higher heat dissipation rate at higher flow rates. 
However, unless the resistivity of the downstream electrode is changed, the higher 
power input may result in too much heat being generated at the downstream 
electrode. Therefore, at higher flow rates through the capillary tube, the resistance 
of the downstream electrode may actually be reduced while achieving the desired 
temperature to avoid any temperature gradient between the downstream electrode 
and the downstream end of the capillary tube. Accordingly, the temperature profile 
of the capillary tube along the heated section can be controlled and excessive heating 
of the fluid/vapor passing through the heated section can be avoided. 

Fig. "3 illustrates a comparison of wall temperature profiles in an aerosol 
generator having electrodes of the same highly conductive material, and in the 
controlled temperature profile (CTP) aerosol generator according to the invention. 
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The controlled temperature profile of the capillary tube along the heated section 
enables maintenance of a desired exit temperature for vapor leaving from the tip of 
the tube without overheating the fluid/vapor upstream thereof. 

Another advantage that results from controlling the temperature profile along 
the capillary tube in medical applications is that the tip of the tube can more easily 
be maintained at a high enough temperature to optimize the formation of an aerosol 
with particles in the preferred range of less than 10 microns, preferably less than 5 
microns in diameter, at which the particles in the form of droplets or solid particles 
are more effectively passed to the lungs of a user for delivery of medicaments. 

From the foregoing, it will be apparent that the electrical resistance, cross- 
sectional area and length of the downstream electrode can be varied to achieve the 
desired temperature profile along the heated section of the capillary tube, with the 
resulting operational temperature of the downstream electrode balancing the 
temperature of the capillary tube near the tip, and thereby substantially eliminating 
any heat sink effect by the downstream electrode. For instance, the downstream 
electrode can comprise a 5 to 7 mm section of stainless steel tubing attached 
between the capillary tube and a low resistance wire completing the circuit to the 
power supply. The electrodes can be connected to the capillary tube using 
conventional methods that may include, but are not limited to, brazing, welding, and 
soldering, or the electrodes could be formed integrally with the capillary tube. In 
implementing the capillary heater in an inhaler, the capillary tube is preferably 
insulated and/or isolated from ambient air and the vapor emitted from the capillary 
tube. For example, an insulating material or a metal foil, such as stainless steel foil, 
could be used to support the capillary tip within a mouthpiece such that the vapor 
exiting the capillary tube does not contact the outer surface of the capillary tube 
upstream of the metal foil. 

While this invention has been illustrated and described in accordance with a 
preferred embodiment, it is recognized that variations and changes may be made 
therein without departing from the invention as set forth in the claims. 
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WHA T I S CLAIM E D I S: 

1. A fluid vaporizing device comprising: 

a capillary tube made from an electrically conductive material, said 
capillary tube providing a passageway for a fluid; 

at least two electrodes connected to said capillary tube, a first one 
of said at least two electrodes being connected to said capillary tube closer to an 
inlet of said capillary tube than a second one of said at least two electrodes, 
electrical power being provided to said capillary tube through said at least two 
electrodes to heat said capillary tube; 

said second electrode having an electrical resistance sufficient to 
cause heating of said second electrode during the application of electrical power to 
approximately the same temperature as said capillary tube at the point of 
connection between said second electrode and said capillary tube. 

2. The fluid vaporizing device according to claim 1, wherein said 
capillary tube includes a feed section between said inlet and said first electrode, a 
heated section between said first and second electrodes, and a tip between said 
second electrode and said outlet. 

3. The fluid vaporizing device according to claim 2, wherein said 
second electrode has a temperature sufficiently high to prevent the conduction of 
heat from said capillary tube to said second electrode. 

4. The fluid vaporizing device according to claim 1, wherein the fluid 
vaporizing device comprises an inhaler having a mouthpiece, the capillary tube 
having an outlet which directs vaporized fluid into the mouthpiece. 
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5. The fluid vaporizing device according to claim 1, wherein the 
device comprises an inhaler having a controller, a valve and a sensor, the sensor 
detecting a delivery condition corresponding to delivery of a predetermined volume 
of aerosol, the controller being programmed to open the valve so as to deliver liquid 
to the capillary tube when the delivery condition is sensed by the sensor and to pass 
electrical current through the capillary tube to volatilize liquid therein. 

6. An aerosol generator, comprising: 

a capillary tube having an inlet end, and an outlet end; 

a first electrode connected to said capillary tube and a second 
electrode connected to said capillary tube, said first electrode being closer to said 
inlet end than said second electrode; 

a voltage being applied between said first and second electrodes and 
heating a section of said capillary tube between said first and second electrodes, with 
said second electrode being at least as hot as a downstream end of the heated section 
of the capillary tube; and 

said second electrode having sufficient electrical resistance to reach a 
temperature during application of said voltage between said first and second 
electrodes, with said temperature being hot enough to substantially prevent 
conduction of heat from said capillary tube to said second electrode. 

7. The aerosol generator according to claim 6, wherein 

a fluid passing through said capillary tube is in substantially a liquid phase in the 
vicinity of said first electrode, and is in substantially a vapor phase in the vicinity of 
said second electrode. 

8. The aerosol generator according to claim 7, wherein said capillary 
tube has a higher temperature in the vicinity of said second electrode than in the 
vicinity of said first electrode as a result of a lower heat transfer coefficient between 
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said vapor phase of said fluid and said capillary tube than the heat transfer 
coefficient between said liquid phase of said fluid and said capillary tube. 

9. A method of vaporizing a fluid in a capillary tube having an 
inlet, an outlet, and a heated section defined between an upstream electrode and a 
downstream electrode, and both said upstream and downstream electrodes being 
electrically connected to said capillary tube, said method comprising: 

supplying liquid into said capillary tube through said inlet; and 
applying, a voltage across said electrodes to generate heat in said heated 
section, said voltage also generating sufficient heat in said downstream electrode to 
substantially eliminate any significant temperature gradient between said 
downstream electrode and said capillary tube at the connection between the 
downstream electrode and the capillary tube. 

1 0. The method according to claim 9, wherein the electrical resistivity of 
the downstream electrode is predetermined as a function of the desired flow rate of 
the liquid being passed through said capillary tube. 

11. The method according to claim 10, wherein said liquid is converted 
to a vapor in said heated section. 

12. The method according to claim 1 0, wherein the inhaler includes a 
controller, a valve and a sensor, the method including sensing a delivery condition 
with the sensor, sending a signal to the controller corresponding to the delivery 
condition, opening the valve for delivery of a predetermined volume of the liquid to 
the capillary tube, supplying power to the capillary tube, and closing the valve after 
the predetermined volume of liquid has been delivered to the capillary tube. 
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13. The method according to claim 10, wherein the outlet of the capillary 
tube is in close proximity to the downstream electrode and the vapor exiling the 
outlet condenses in ambient air and forms an aerosol. 

14. The method according to claim 10, wherein the fluid source contains 
a solution of medicated material and the vapor exiting the capillary tube forms an 
aerosol containing the medicated material. 
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